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Introduction
A major ingredient of governmental responses to demographic changes eroding the financial basis of pay-as-you-go (PAYG) pension systems has been to favor household saving for retirement purposes. Currently, certified financial instruments for retirement saving are promoted by means of tax deductions and subsidies in several countries. 1 A crucial issue about such government-sponsored retirement plans is whether households finance their contributions with genuinely new saving -that would not have been done in the absence of those incentives -or with reductions in other assets, including increased borrowing. While new savings add to national wealth and raise future national income, a mere reallocation of financial assets has, if any, ambiguous effects on future national income. Hence, the evaluation of tax-favored retirement plans hinges upon their impact on households' saving behavior. Since 2002 also the German government supports private retirement saving plans by means of a saving incentive program called the Riester scheme. Meanwhile, generous incentives and pessimistic expectations about future pension benefits from the PAYG system have led a substantial fraction of the German population in working age to participate in the Riester scheme. This paper presents estimates of the effect of the Riester scheme on the saving propensities of German households.
The extent to which tax incentives and subsidies raise private saving is still an unresolved issue. For the eligible households, standard theory does not offer an unambiguous prediction because of countervailing income and substitution effects from a higher net return on saving. Further insights are offered by behavioral economics. Subsidized private pension schemes may increase households' savings if those schemes include penalties from early withdrawals that act as a valuable self-control device for savers. However, behavioral approaches may also predict that subsidized schemes reduce private saving. To the extent that households follow the rule of saving enough to replace a fixed percentage of their income in retirement, a higher net return on saving reduces the amount of saving necessary for that replacement. Furthermore, the savings of households not eligible for the subsidy may be affected. If the subsidy is financed by increased taxes on non-eligible households or by reducing the transfers that they receive, the saving by non-eligible households is likely to diminish.
Previous empirical research on the effectiveness of saving incentives has dealt overwhelmingly with the US experience (Antolín et al., 2004, Annex 2) . In the United States, 401(k) has become the main vehicle for retirement saving and much attention has been 1 See Antolín et al. (2004) and Yoo and de Serres (2004) for overviews. 5 devoted to evaluate its effectiveness. Early influential papers by Engen et al. (1994) and Poterba et al. (1995) presented results from median regressions and reached quite contradictory conclusions about the substitution between 401(k) assets and other type of savings. Recent papers, employing more sophisticated estimation techniques, have tended to find much heterogeneity in households' responses to 401(k)s and substantial crowding-out effects in the case of high-income households (Benjamin, 2003; Chernozhukov and Hansen, 2004 ). 2 For Germany, Corneo et al. (2009) have evaluated the Riester scheme as a natural experiment which affects the saving propensity of a treatment group relative to a control group. Their findings cast some doubts on the effectiveness of the Riester scheme in terms of mobilization of new savings. 3 The current paper substantially extends the work presented in Corneo et al. (2009) along four main dimensions. First, we consider a broader set of treatment and control groups.
In particular, we compare changes in the saving propensities of households eligible for Riester subsidies with the changes in saving propensities of non-eligible households, changes in the savings of households who benefit from high subsidies relative to those who receive low subsidies, and changes in the savings of eligible households having a Riester contract and those who do not. Second, we exploit statistical matching and panel regression techniques to address important issues of self-selection and unobserved heterogeneity. Third, in addition to the German Socio-Economic Panel we use the SAVE dataset, which has been explicitly designed to investigate the saving behavior of private households in Germany. Fourth, we provide not only an evaluation in a pre-vs. post-reform perspective but also an assessment of the impact of the so-called Riester steps, namely the stepwise increase in subsidies and required saving amounts over time.
In order to check the robustness of our empirical findings, we combine the two datasets mentioned above with three estimation methods. First, we use random-effects tobit panel models to regress saving rates before and after the reform on a dummy distinguishing treated and non-treated subjects, a post-reform dummy, an interaction of the two dummies, and a set of socio-economic characteristics. Size and sign of the interaction terms serve as indicators of a stimulating effect of the Riester scheme in the various approaches. Second, we take first differences of the savings ratio and other explanatory variables and run OLS regressions in first differences. Thereby, treatments effects are identified by sign and size of 2 See also Duflo et al. (2007) who have evaluated the "saver's credit", a US federal program to encourage retirement savings, finding modest effects. 3 Börsch-Supan et al. (2008b) and Pfarr and Schneider (2009) have investigated the determinants of participation in the Riester scheme. The uptake of Riester contracts offers circumstantial evidence of displacement effects. 6 the treatment coefficient. Third, we provide estimates for a subsample where treated and control subjects share the same socio-economic and demographic characteristics. We identify such statistical twins using a matching algorithm recently proposed by Iacus et al. (2008) .
Their algorithm ensures that treated and control units are approximately balanced on the matching variables. With the matched observations at hand, it is then possible to infer the average treatment effect on the treated.
We find insignificant treatment effects from the Riester scheme in almost all regressions, and the average treatment effects obtained from the matched datasets confirm the regression results. Our main conclusion is that in Germany household saving hardly responded to the introduction of that saving incentive program. Participation in the Riester scheme seems to largely substitute for other forms of saving.
The remainder of this paper is organized as follows. Section 2 describes the functioning of the Riester scheme. Our databases, the German Socio Economic Panel and the SAVE study, are presented in Section 3. The econometric modeling is described in Section 4.
Section 5 presents our results, and Section 6 concludes.
The Riester scheme
The Riester scheme started operating in 2002. Beneficiaries receive allowances (a basic allowance and child allowances), and can lower their income tax liability by means of deductions. A minimum saving effort is requested from the beneficiaries. More precisely, the allowance and the personal saving effort must add up to a specific amount, which is proportional to the individual's income subject to social insurance contributions. The minimum saving amount is defined as a share of the income subject to social insurance contribution of the previous year, including the allowances. This share increased stepwise from one percent in the first year to four percent in 2008. These so-called Riester-steps are displayed in Figure 1 . Also the level of allowances and the maximal amount of tax deductions have been increased stepwise since the introduction of the Riester scheme. 4 If the Riester scheme stimulated private savings, its mobilization effect should be visible in a pre-and postreform comparison as well as along the Riester steps: the higher the required minimum savings amount and the subsidies granted, the higher the household savings. A large portion of the active population in Germany is eligible for Riester subsidies, estimates going from 30 to 36 million people. Basically, all compulsorily insured persons in the German public pension system are eligible for Riester contracts. In addition, public servants, trainees, individuals in the mandatory military or social service, and the recipients of some types of public transfers (e.g., unemployment benefits) may participate. Persons who are not statutorily insured in the mandatory public pension system are usually not eligible; those persons include several groups of self employees, marginal employees and students, social welfare recipients, senior citizens receiving a pension, and persons receiving disability benefits. 5
The impact of the Riester scheme on national (private plus public) saving also depends on its effect on the public debt. An exact calculation of the fiscal burden from the Riester scheme can only be performed with some delay because the deadline of application for a certain contribution year is two years later. Table 1 
Datasets
Our investigation is based on two data sources, the German Socio-Economic Panel (SOEP) and the SAVE study. The SOEP is a longitudinal study, located at the DIW Berlin (German Institute for Economic Research). Starting in 1984, it surveys meanwhile more than 20,000 individuals in about 11,000 households every year. 7 The SOEP contains information on household savings; in some years it also reports whether a surveyed household member owns a Riester contract or not. The exact wording of the survey question about saving reads as 5 However, eligibility regulations are very detailed and include a broad range of exemptions. See the publications by the Federal Ministry of Labour and Social Affairs (2006) for further details. 6 The child allowance is notably higher for children born in 2008 and later (Federal Ministry of Labour and Social Affairs, 2006) . Therefore, child allowances as a share of overall costs may increase in the next years. 7 For details, see e.g. Wagner et al. (2007) and the SOEP homepage at http://www.diw.de/en/soep. 8 follows: "Do you usually have an amount of money left over at the end of the month that you can save for larger purchases, emergency expenses or to acquire wealth? If yes, how much?" (see SOEP online documentation: http://www.diw.de/english/questionnaires/33919.html).
Hence, it is not asked to report accidental savings but to state usual amounts intended for savings, including savings to acquire wealth for old age.
The survey question reported above has extensively been used in econometric analyses of household saving decisions in Germany. 8 We focus on the SOEP-based estimates because the number of households repeatedly participating in the SAVE study is substantially smaller as compared to the SOEP. In particular, sample sizes are not sufficient to ensure reliable matching results for the SAVE database. Hence, we only report regression estimates obtained from the sample before matching. Another limitation of SAVE is that in the year 2000 -the year before the Riester reform -that database was still in its experimental stage. Hence, SAVE-based before-after reform comparisons cannot be taken seriously. Only an assessment of the impact of the socalled "Riester steps" on household savings is feasible; i.e., evaluations of the impact of the intertemporal rise in monetary incentives -higher allowances and tax deductions, but also higher required minimum savings efforts -on household savings.
Treatment strategy
We scrutinize the impact of the Riester scheme on households' saving propensities by means of a treatment analysis. In order to assess the causal effect of the reform we compare pre-and post-reform propensities to save for two groups, a treatment group and a control group. Since Various definitions of the treatment and the control group are considered. The most straightforward procedure is to assign households to the treatment group if they are eligible for a Riester contract, and non-eligible households to the control group. A second possibility exploits the differentiation of the subsidy rate according to household income. The target group of low income households, which benefits from above average subsidy ratios, is then defined as the treatment group. A third option is based on the fact that Riester subsidies are higher for households with more children, potentially creating an extra incentive to save. In a fourth scenario, we have selected all households eligible for a Riester contract, and have classified them conditioning upon whether they have signed a contract or not. The characteristics of the treatment and the control group for all these four approaches are summarized in Table 2 . We proceed as follows: according to the characteristics displayed in Table 2 , we assign a household to the various treatment and control groups. Then, we build subsamples for each year combination and keep only household observations that appear in both periods and that have the same treatment status in both years. Results from such an approach could be biased if excluded household observations have a different savings behavior compared to the considered household units. Then, the saving behavior of the considered households would not be representative for the entire population. For the approaches 1-3, we can rule out that household self-select into a different group between the two points of observation. In these approaches, treatment is linked to Riester eligibility (and, therefore, to employment and 10 Rürup pensions are subsidized private retirement saving contracts especially targeting people that are not mandatorily insured in the German pension scheme, e.g. the self-employed. Contributions are tax-deductible, and the accumulated capital is repaid as a monthly annuity. For details, see e.g. the homepage of the Federal Ministry of Finance at http://www.bundesfinanzministerium.de/nn_39846/DE/BMF__Startseite/Service/ Glossar/R/004__Ruerup-Rente.html. marital status) and the number of children. It seems very unlikely that fundamental household decisions such as occupation, marriage, or birth of children are driven by Riester-related considerations. Approach 4 is immune to such complications as only households enter the sample if all adult members are eligible, and treated households are characterized by the household head having a contract in the later period. Therefore, over time, no observation switches between the treated and the control group.
Based on the aforementioned sample classifications, we evaluate the impact of the Riester scheme on household saving ratios, i.e., household savings divided by household net income. Since our dependent variable belongs to the unitary interval, and hence it is not normally distributed, and as our data exhibit a panel structure, we have chosen a randomeffects tobit model, building on the form
In Eq. (1), i identifies a specific household, t denotes the observation period, i ν the random effect, and t i, ε the error term. The random effect i ν is assumed to be independent and identically distributed according to ( )
The vector of socio-economic characteristics characterizing i in t is denoted by t i,
x . Among the control variables we include the number of adults and children living in the household, household income, 11 the employment status, as well as dummy variables on repayments for consumer credit and housing loans. The term R is a dummy variable taking the value one if a household belongs to the treatment group and zero otherwise. Hence its coefficient captures differences in the saving ratios of treated and nontreated households. N is another dummy variable, taking the value one if the observation refers to a post-reform year; its coefficient captures the evolution of saving ratios between two observation periods. Hence, the coefficient χ pertaining to the interaction term mirrors the mobilization effect from the Riester scheme. In particular, 0 > χ would indicate that the Riester reform has stimulated savings among treated households.
Our second estimation method is a first-difference estimator of the following form, In the third place, we provide estimates of the average treatment effect on the treated, ATT, by using matching methods. We construct a sample such that the distributions of several characteristics are similar in the groups of treated and control units, so as to cope with the issue of selection bias (Iacus et al., 2008) . For the sample of matched units, the ATT is elicited through a simple ordinary least square regression of the form
. Table 3 summarizes the matching variables: household net income, age of the household head, number of adults, and number of children living in the household. The selection of the matching variables is guided by previous literatures on household saving suggesting that these variables have a prominent effect on the saving behavior of households. An extension of the set of matching variables would have reduced post-matching sample sizes too much: the more variables are considered for matching, the lower is the number of observations in the treatment and in the control group that have characteristics similar in all dimensions.
Table 3 about here
We employ a monotonic imbalance bounding class of matching methods called "Coarsened Exact Matching" (CEM), as recently suggested by Iacus et al. (2008) . Matching is done without replacement. To assess the quality of the matching outcome, we compare, before and after matching, descriptive statistics of the matching variables in both the treatment and the control group. In addition, we provide two measures of imbalance suggested by Iacus et al. 
, and the difference can be interpreted as the increase in balance achieved as a result of matching. 12 The measure defined by (4) can also be quantified for each variable j separately, which we then denote by
is the difference in the means of variable j for the group of treated ( T m ) and control units Table 5 . They are similar to those from the randomeffects tobit models. Only in two specifications for the first approach a significant treatment effect in one year combination (2000) (2001) (2002) (2003) (2004) can be observed. This effect disappears after one
year. When the sample is confined to low-and middle-income households (Approach 2), a stimulating effect of the Riester subsidies is not visible any more.
The influence of the control variables is as expected: an increase in household size lowers the savings ratio and the same is true for debt repayments. Increases in household income between two observational points significantly raise the household's propensity to save. 
Matching approach
As mentioned above, our regression analysis is not immune to the problem of selection bias.
To illustrate this problem, some comments about the degree of imbalance in the original unmatched data and the data after matching are in order. For each of our four approaches, Table 6 reports summary statistics allowing, for each matching variable, an assessment of the degree of imbalance before and after matching. give the estimates of the variable-specific imbalance measures after and before matching. In the adjacent columns, imbalances between the treated and controls, the minimum, the three quantile means, and the maximum are reported. Thus, the value 0.074 appearing in column " )
( 1 j L , after" for the variable "age" indicates a moderate imbalance between the treat and control units matched, which is substantially lower than the estimate 0.311 for the nonmatched observations that appears in column " ) ( 1 j L , before". Also the second measure, " ) ( 1 j I ", points to a substantial decrease of imbalance for the variable "age" -as shown by the value -0.312 for the matched units as compared to -4.837 for the units before matching. Next to the variable-specific imbalance measures, is reported the change in the global imbalance measure, 1 L Δ , which indicates that the matching algorithm was effective in increasing the balance over all the matching variables.
It is transparent that the matching procedure has been effective in reducing the global imbalance across all variables as well as variable specific imbalances. This applies to all four approaches. In particular, it applies to Approaches 1 and 2 where imbalances before matching were relatively large.
We are now in a position to inspect whether our previous conclusions on the effectiveness of the Riester scheme hold for the units matched. The results are summarized in the column Average treatment effect in Table 7 . The treatment effect is insignificant in seven out of nine cases. In two cases the treatment effect is weakly significant but it fails to carry the 15 correct sign. Hence, also for the units matched, where selection bias should not play a role, we cannot identify a stimulating effect of the Riester scheme on the propensity to save.
A limitation of the matching approach is that it leads to small sample sizes. Small samples raise the question whether the conclusions drawn from the matching approach are representative for the underlying overall population. This explains why it was useful to combine the matching approach with a panel regression analysis, so as to assess the robustness of the empirical results. (2002), ATT estimates after matching may be sensitive to the choice of the matching algorithm. We have checked for robustness of our results by applying matching methods other than CEM. In particular, we have implemented propensity score matching techniques implemented in the STATA package psmatch2, encompassing, amongst others, nearest neighbor or within caliper, radius, kernel, and Maholanobis matching. The obtained results are in line with those of Table 7 . 15
Results from SAVE
As mentioned above, the SOEP saving variable is an imperfect measure of a household's savings. Therefore, we have conducted a regression analysis using a second dataset, the SAVE study. While the SAVE study was explicitly designed to investigate saving behavior, it only allows for an analysis of the effectiveness of the so-called Riester steps, i.e. the increase of the subsidy rate after 2003. The results from random-effects panel regressions based on the SAVE data are exhibited in Table 8 . Those results are in line with those obtained applying the same methodology to the SOEP data (Table 4 ). As shown by Table 8 , in twenty-two out of twenty-seven regressions the coefficient on the interaction term is statistically insignificant. In the five remaining regressions, it carries the wrong sign and is not strongly significant.
Table 8 about here
In Approach 4, the treat dummies are always significantly positive while the interaction terms yield a significantly negative sign in some year combinations. This suggests that households with a Riester contract have a higher propensity to save, but the additional incentives 15 Results are available from the authors on request. 16 generated by the Riester steps did not raise or even lowered those households' saving rate.
The positive treat coefficient in the 2000-2006 comparison in case of the SOEP data (Table 4) supports this presumption. In any case, the findings indicate that comparisons of eligible households having a Riester contract and those which have not may suffer from severe selfselection problems, since households with a high propensity to save are more likely to sign a Riester contract. This confirms the usefulness of complementing panel regressions with a matching approach.
Concluding remarks
The Riester scheme is the central pillar of governmental promotion of private retirement saving in Germany. In this paper, we have conducted a comprehensive treatment analysis of the Riester scheme so as to assess its effectiveness in raising private household savings. The introduction of the Riester allowances and tax deductions has been interpreted as a natural experiment and we have investigated how the savings of treated household have evolved as compared to the savings of control households. In order to check the robustness of our results, we have employed panel regressions and matching methods to reduce problems of unobserved heterogeneity and sample selection bias. Several model specifications as well as time periods have been examined and two datasets used, the German SOEP and the SAVE study.
Despite the variety of estimation methods and datasets, the obtained results are fairly stable: in general, no statistically significant effect of the Riester scheme on private saving can be detected. Apparently, many private households that would have saved also in the absence of the Riester scheme simply allocated some of their savings to Riester contracts. In this way, those households can improve their future living standards without the pain of reducing current consumption. The likely counterpart of those windfall gains is an increase in public debt, which calls for larger primary surpluses in the future. This suggests that a major effect of the Riester scheme is to substitute future increases in social security contributions with future tax increases.
The ineffectiveness of saving incentives may be more pronounced in Germany than in other countries. German households traditionally display a relatively high saving rate.
Furthermore, all compulsorily insured persons regularly receive notification about the likely amount of pension benefit that they are going to receive as a retiree. Alternative long-term financial instruments, e.g. life insurance, are common and well known by the population. In such a situation, the rationale for subsidizing certified retirement plans is rather weak. Our empirical results corroborate the view that there may be better uses of taxpayer money for old-age provision than the Riester scheme. (2007), Kriete-Dodds (2008), and Federal Statistical Office (2009 Income <1,000; 1,000-2,000; 2,000-3,000; 3,000-4,000; 4,000-5,000; 5,000-6,000; 6,000-8,000; 8,000-10,000; 10,000-12,000; 12,000-14,000; 14,000-16,000 <500; 500-1,000; 1,000-1,500; 1,500-2,000; 2,000-2,500, 2,500-3,000; >3,000 <1,000; 1,000-2,000; 2,000-3,000; >3,000 500-1,000; 1,000-1,500; 1,500-2,000; 2,000-2,500, 2,500-3,000
age of the household head 20-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60 20-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60 20-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60 20-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60 number of adults 1, 2 1, 2 ---1, 2 number of children 0, 1, 2, 3+ 0, 1, 2, 3+ ---0, 1, 2, 3+
Own illustration. -0.001 *** -0.001 ** -0.001 *** -0.001 ** (0.000) (0.000) (0.000) (0.000) Children -0.041 *** -0.037 *** -0.042 *** -0.037 *** (0.003) (0.003) (0.003) (0.003) -0.084 *** -0.093 *** -0.090 *** -0.087 *** -0.089 *** -0.088 *** -0.088 *** -0.094 *** -0.099 *** (0.005) (0.006) (0.006) (0.007) (0.008) (0.008) (0.008) (0.008) (0.008) Interact -0.011 -0.010 -0.009 -0.007 -0.003 -0.013 0.005 0.003 -0.001 (0.015) (0.015) (0.015) (0.017) (0.016) (0.016) (0.016) (0.015) (0.015) Age 0.000 0.000 -0.001 *** -0.001 ** -0.001 -0.000 (0.000) (0.000) (0.001) (0.000) (0.001) (0.001) -0.017 *** -0.016 ** -0.026 *** -0.022 *** -0.028 *** -0.027 *** (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) Adults -0.024 ** -0.025 ** -0.043 *** -0.044 *** -0.035 *** -0.029 *** (0.011) (0.011) (0.011) (0.011) (0.011) (0.011) Income 0.036 *** 0.041 *** 0.064 *** 0.071 *** 0.055 *** 0.057 *** (0.007) (0.008) (0.008) (0.008) (0.009) (0.009) Unemployed 0.0025 0.002 -0.008 (0.010) (0.011) (0.012) Credit -0.028 *** -0.027 *** -0.024 *** (0.006) (0.008) (0.008) Housing loan -0.023 ** -0.051 *** -0.0330 *** (0.010) (0.010) (0.010) 
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